INTRODUCTION
============

Stage IV gastric cancer has a heterogeneous phenotype with a mixture of distant metastasis, including hematogenous, lymph nodal, and peritoneal metastasis (PM). In particular, PM is the most frequent type of metastasis with high recurrence in patients with advanced gastric cancer (AGC) \[[@B1]\]. The guidelines in Korea and Japan recommend palliative systemic chemotherapy for the treatment of AGC with PM, similar to patients with other distant metastasis \[[@B2][@B3]\]. However, despite recent advances in systemic chemotherapy, the prognosis of AGC with PM remains poor, with a median survival of 6--14 months \[[@B4][@B5][@B6][@B7]\]. Various treatment strategies such as combination chemotherapy, cytoreductive surgery, hyperthermic intraperitoneal chemotherapy (HIPEC), and immunotherapy have been investigated without much success in providing satisfactory clinical outcomes \[[@B8]\]. Consequently, in the absence of a standard treatment for patients with AGC exhibiting PM, it is often considered a terminal disease in general practice.

Nevertheless, even a slight improvement in the prognosis is a much sought-after goal; therefore, it is crucial to seek effective methods to control the progression of PM. Among several approaches, intraperitoneal (IP) chemotherapy has credibly demonstrated its effectiveness against AGC with PM in clinical trials \[[@B9][@B10][@B11]\]. In Japan, Ishigami et al. \[[@B12]\] designed the PHOENIX-GC randomized phase III trial that assessed the safety and efficacy of IP paclitaxel and systemic chemotherapy and suggested the potential clinical benefits of IP paclitaxel. One of our ongoing multicenter phase I/II study (Perioperative Intra-Peritoneal & Systemic Chemotherapy for Gastric Cancer; PIPS-GC) is investigating the safety and efficacy of IP paclitaxel and oral S-1 plus intravenous oxaliplatin combination therapy in patients with gastric cancer. In the present study, we conducted a retrospective analysis of IP chemotherapy administered to patients in PIPS-GC study.

MATERIALS AND METHODS
=====================

Patients
--------

Between January 2015 and December 2018, the medical records of patients with gastric cancer who received IP chemotherapy at 6 institutions in Korea were reviewed. All patients were diagnosed with PM, confirmed using abdominal computed tomography (CT) or laparoscopic examination and laparotomy. Synchronous PM was defined as an initial detection of PM that was diagnosed with gastric cancer. Metachronous PM was defined as a pattern of recurrence in patients who had previously received curative gastrectomy with adjuvant chemotherapy (TS-1 monotherapy or XELOX: capecitabine/oxaliplatin). Exclusion criteria included presence of other types of distant metastasis, poor general health condition (Eastern Cooperative Oncology Group performance status \>2), or administration of IP chemotherapy other than paclitaxel. The present study was approved by the Institutional Review Board (IRB) of each institution from where the data was collected (approval number: 201907017 at the institution of the principal investigator) and was conducted in line with the Declaration of Helsinki. Written informed consent was waived by the IRB.

Treatment strategy and disease evaluation
-----------------------------------------

Most patients underwent IP paclitaxel chemotherapy via catheter and port system, with the catheter placed in the pouch of Douglas and paclitaxel (20--60 mg/m^2^) dissolved in 500--1000 mL normal saline, administered over 60 min. The port system for IP chemotherapy, similar to that used for intravenous chemotherapy, was implanted in the subcutaneous fat tissue at the right subcostal area ([Fig. 1](#F1){ref-type="fig"}). Patients received IP chemotherapy in 3-week cycles until disease progression, severe toxicity, or postoperative complications. The amount of ascites was evaluated using CT and categorized as follows: none (grade I), minimal (grade II, limited to pelvis), moderate (grade III, beyond the pelvic cavity), and massive (grade IV, entire abdomen). Measurable lesions were evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 \[[@B13]\]. The extent of PM was measured using the peritoneal cancer index (PCI), which evaluates cancer distribution and implant size, according to the Sugarbaker classification \[[@B14]\]. Three PCI grades (0--10, 11--20, and 21--39) were used for analysis.

![X-ray of intraperitoneal port and catheter.](jgc-20-50-g001){#F1}

Statistical analysis
--------------------

Statistical differences were assessed using the χ^2^ or Fisher\'s exact tests for categorical variables. In addition, the Student\'s t-test or Mann-Whitney U test was used to assess continuous variables. Survival outcomes were analyzed using the Kaplan-Meier method and log-rank test. Univariable and multivariable survival analyses were performed using Cox proportional hazards regression model to generate a hazard ratio. A P-value lower than 0.05 (\<0.05) was considered statistically significant. All statistical analyses were performed using the SPSS software package for Windows, version 22.0 (IBM Inc., Chicago, IL, USA).

RESULTS
=======

We examined 82 patients (50 male and 32 female patients) at 6 institutions in Korea. The baseline characteristics of the patients are summarized in [Table 1](#T1){ref-type="table"}. The median age of the patients was 56.0 (25--82) years. Synchronous and metachronous PM were identified in 51 (62.2%) and 31 (37.8%) patients, respectively. Mean number of IP chemotherapy cycles was 6.6 (range, 1--41). Depending on the disease status and insurance coverage, IP chemotherapy was combined with several intravenous chemotherapies. The amount of ascites measured was as follows: none (I) 30.5%, minimal (II) 31.7%, moderate (III) 19.5%, and massive (IV) 18.3%.

###### Patients demographics and baseline characteristics (n=82)
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  Characteristics                                   Values                      
  ------------------------------------------------- --------------------------- -----------
  Age (yr)                                          56.0 (25--82)               
  Sex                                                                           
                                                    Male                        50 (61.0)
                                                    Female                      32 (39.0)
  Histological subtypes                                                         
                                                    Well differentiated         1 (1.2)
                                                    Moderate differentiated     12 (14.6)
                                                    Poorly differentiated       44 (53.7)
                                                    Poorly cohesive carcinoma   25 (30.5)
  Disease presentation                                                          
                                                    Synchronous                 51 (62.2)
                                                    Metachronous                31 (37.8)
  Palliative systemic chemotherapy                                              
                                                    XELOX                       20 (24.4)
                                                    FOLFOX                      19 (23.2)
                                                    SP                          6 (7.3)
                                                    FOLFIRI                     16 (19.5)
                                                    Others^\*^                  21 (25.6)
  Mean No. of systemic chemotherapy cycles          9.1 (1--21)                 
  Mean No. of intraperitoneal chemotherapy cycles   6.6 (1--41)                 
  Ascites grade                                                                 
                                                    I (none)                    25 (30.5)
                                                    II (minimal)                26 (31.7)
                                                    III (moderate)              16 (19.5)
                                                    IV (massive)                15 (18.3)

Values are expressed as median (range) or number (%).

XELOX = capecitabine and oxaliplatin; FOLFOX = 5-fluorouracil, folinic acid, and oxaliplatin; SP = S-1 (tegafur/gimeracil/oteracil) and cisplatin; FOLFIRI = 5-fluorouracil, folinic acid, and irinotecan; DFP = docetaxel, 5-fluorouracil, and capecitabine; DCF = docetaxel, cisplatin, and 5-fluorouracil.

^\*^Weekly paclitaxel, S-1 monotherapy, DFP, and DCF.

Palliative surgeries were simultaneously performed according to disease presentation, while 32 patients received only IP catheter insertion. The surgical results ([Table 2](#T2){ref-type="table"}) showed a mean PCI of 21.9 (grade I, 29.3%; grade II, 32.9%; and grade III, 37.8%). Among the 32 patients with measurable lesions, the response rate measured by RECIST criteria was 18.8% (complete response, 1; partial response, 5).

###### Surgical result and tumor response
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  Type of surgery          Values                                               
  ------------------------ ---------------------------------------------------- -----------
  Synchronous (n=51)                                                            
                           IP catheter insertion+palliative gastrectomy         34 (66.7)
                           IP catheter insertion+palliative gastrojejunostomy   3 (5.9)
                           Only IP catheter insertion                           14 (27.4)
  Metachronous (n=31)                                                           
                           IP catheter insertion+palliative surgery             13 (41.9)
                           Only IP catheter insertion                           18 (58.1)
  T staging (n=82)                                                              
                           T1, T2                                               5 (6.1)
                           T3                                                   8 (9.8)
                           T4a                                                  45 (54.9)
                           T4b                                                  7 (8.5)
                           Unknown                                              17 (20.7)
  N staging (n=82)                                                              
                           N0                                                   8 (9.8)
                           N1                                                   6 (7.3)
                           N2                                                   13 (15.9)
                           N3a                                                  16 (19.5)
                           N3b                                                  22 (26.8)
                           Unknown                                              17 (20.7)
  RECIST criteria (n=32)                                                        
                           Complete response                                    1 (3.1)
                           Partial response                                     5 (15.6)
                           Stable disease                                       9 (28.1)
                           Progressive disease                                  17 (53.2)
  PCI grade (n=82)         21.9±12.2                                            
                           I (1--10)                                            24 (29.3)
                           II (11--20)                                          27 (32.9)
                           III (21--39)                                         31 (37.8)

Values are expressed as number (%) or mean±standard deviation.

IP = intraperitoneal; RECIST = Response Evaluation Criteria in Solid Tumors; PCI = peritoneal cancer index.

Surgical morbidity was 29.3%. Postoperative complications related to IP catheter and port were observed in 15 patients (18.3%)---catheter malposition in 4 patients, catheter obstruction in 3, catheter fistula in 2, catheter infection in 5, and port site infection in 1. Recovery in patients was observed after the removal of the IP catheter and port (n=12), or following conservative managements (n=2). There were 2 (2.4%) postoperative mortalities due to pneumonia and catheter site infection ([Table 3](#T3){ref-type="table"}).

###### Postoperative morbidity and mortality
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  Variables                                     Values                         
  --------------------------------------------- ------------------------------ ---
  No. of postoperative morbidities              24 (29.3%)                     
  IP catheter- and port-related complications                                  
                                                IP catheter malposition        4
                                                IP catheter obstruction        3
                                                IP catheter fistula            2
                                                IP catheter infection          5
                                                IP port infection              1
  Intraabdominal complications                                                 
                                                Bleeding                       1
                                                Intestinal obstruction/ileus   1
  Wound complication                            2                              
  Medical complication                                                         
                                                Respiratory                    2
                                                Hepatic                        1
  No. of postoperative mortalities              2 (2.4%)^\*^                   

IP = intraperitoneal.

^\*^Pneumonia and catheter infection.

The median overall survival (OS) was 20.0 months (synchronous PM, 24.0 months; metachronous PM, 15.0 months; P=0.128). No differences in OS, according to the type of systemic chemotherapy, were observed ([Fig. 2](#F2){ref-type="fig"}). Patients with ascites graded I and II showed a significantly higher survival rate (24.1 months) compared to those with ascites graded III and IV (15.3 months; P=0.014; [Fig. 3A](#F3){ref-type="fig"}). Similarly, a significant difference in survival rate was observed in patients according to the PCI grade (grade I, 25.6 months; grade II and III, 16.3 months; P=0.023; [Fig. 3B](#F3){ref-type="fig"}). Multivariable analysis showed that PCI grades were positive independent prognostic factors for OS ([Table 4](#T4){ref-type="table"}).

![OS according to the types of systemic chemotherapy.\
OS = overall survival; XELOX = capecitabine and oxaliplatin; FOLFOX = 5-fluorouracil, folinic acid, and oxaliplatin; SP = S-1 (tegafur/gimeracil/oteracil) and cisplatin; FOLFIRI = 5-fluorouracil, folinic acid, and irinotecan.](jgc-20-50-g002){#F2}

![OS according to (A) ascites grade and (B) PCI grade.\
OS = overall survival; PCI = peritoneal cancer index.](jgc-20-50-g003){#F3}

###### Univariable and multivariable analysis of prognostic factors for overall survival
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  Variables      No.            Univariable   Multivariable                                         
  -------------- -------------- ------------- --------------- ------------ ------- --- ------------ -------
  Sex                                                                                               
                 Male           50            1               0.31--1.53   0.353   1   0.29--1.70   0.433
                 Female         32            0.68            0.70                                  
  Age (yr)                                                                                          
                 \<60           50            1               0.95--4.57   0.069   1   0.84--4.42   0.124
                 ≥60            32            2.08            1.92                                  
  Histology                                                                                         
                 WD, MD         13            1               0.15--2.14   0.650   1   0.34--2.81   0.968
                 PD, PCC        69            1.26            0.98                                  
  Presentation                                                                                      
                 Synchronous    51            1               0.82--3.85   0.142   1   0.99--5.17   0.051
                 Metachronous   31            1.78            2.27                                  
  Ascites                                                                                           
                 I, II          51            1               1.16--5.40   0.020   1   0.46--4.72   0.510
                 III, IV        31            2.50            1.48                                  
  PCI                                                                                               
                 I              24            1               1.09--6.18   0.032   1   1.33--8.35   0.010
                 II, III        58            2.59            3.33                                  

HR = hazard ratio; CI = confidence interval; WD = well differentiated; MD = moderate differentiated; PD = poorly differentiated; PCC = poorly cohesive carcinoma; PCI = peritoneal cancer index.

DISCUSSION
==========

Patients with AGC that has metastasized to the peritoneum have poor survival rates. Although trans-mesothelial, trans-lymphatic, and superficially growing PM have been proposed \[[@B15]\], there is little evidence. The clinical presentations of PM, including bowel obstruction, hydronephrosis, and massive ascites; lead to poor treatment compliance \[[@B16]\]. In cases where numerous seeding nodules are detected during surgery, surgeons in several institutions choose peritoneal biopsy for pathological confirmation via a process termed as "open and closure" that involves limited wound management and patient referral to a medical oncologist for palliative systemic chemotherapy. Therefore, patients and surgeons alike, consider PM a difficult issue that requires a collaborative effort to tackle.

The advantages offered by IP chemotherapy render it an ideal option for patients with PM because the effect of systemic chemotherapy on PM is limited. Compared with the intravenous route, IP route causes higher concentrations of chemotherapeutic agents to be absorbed through the peritoneal surface \[[@B17]\]. Furthermore, direct application of chemotherapeutic agents to the peritoneal metastatic nodules avoids the peritoneum--plasma barrier that prevents drug delivery \[[@B18]\]. Low morbidity and mild systemic toxicity are essential criteria favoring IP chemotherapy. Although port- and catheter-related issues could occur, as in our experience, other complications are relatively rare, including grade III/IV adverse events \[[@B9][@B12]\]. The feasibility of repeatedly performing IP chemotherapy without requiring general anesthesia is probably a significant advantage. Implanting the IP catheter and port facilitates the repeated administration of the drug to the patient as an outpatient, thereby reducing hospital resources \[[@B19]\]. Moreover, since most patients with PM exhibit poor general health, the burden on patients upon IP chemotherapy is less compared to that upon other treatment methods.

The study group, which was first established in August 2017 for conducting clinical trials that investigated treatment modalities for AGC with PM, currently includes 17 surgical oncologists from 13 institutions. Although Japan initiated IP chemotherapy studies in the early 2000s \[[@B19][@B20]\], only a few have been reported from Korea, thereby justifying the need for IP chemotherapy trials. Initially, it was necessary to investigate the tendency of IP chemotherapy in Korea. Paclitaxel was selected for IP chemotherapy because taxanes have demonstrated desirable pharmaceutical characteristics \[[@B21][@B22]\]. Taxanes are hydrophobic and high molecular weight compounds that are gradually drained from the peritoneum via the lymphatic system \[[@B19]\]. These properties ensure the feasibility and benefit of IP chemotherapy in patients with PM of AGC. Although there are several other variables to consider, including various types of surgery and systemic chemotherapy, it is considered worthwhile to share the experiences of IP chemotherapy with multiple institutions for the first time in Korea.

Patient selection is a challenging issue in the study of stage IV gastric cancer because there are several variables determining patient survival rate. In the present study, except for PCI grade, no significant information was obtained from the multivariable analysis. Although the retrospective nature of the data is a limitation, the characteristics of PM should be considered. The responsiveness to drugs is limited in peritoneal disease, owing to the lack of lesions that are measurable by radiology. This limitation was evident from the present study that found only 32 (39.0%) patients with measurable lesions. Response rate is a crucial endpoint in phase II studies that evaluate drug effects; however, patients with PM are ineligible \[[@B16]\] in several cases.

Complications related to IP catheter and port were also observed in the present study. The effectiveness of IP chemotherapy depends on constant distribution of the drug in the entire abdomen \[[@B19]\], which in turn relies on the proper functioning of IP catheter and port; any failure in this regard can be a serious complication in IP chemotherapy \[[@B23]\]. In the present study, 15 patients (18.3%) demonstrated complications associated with an implanted access port system ([Table 3](#T3){ref-type="table"}). Following much deliberations, we decided to implant the IP port on the right subcostal area instead of the abdomen to avoid the possibility of the port being flipped upside down or moved and buried in the subcutaneous tissue of the abdomen. Except for a lean patient, who developed port site infection accompanied by skin necrosis ([Fig. 4A](#F4){ref-type="fig"}), no port-related complications were observed. However, significant catheter-related complications occurred in 14 patients as shown in [Fig. 4B and C](#F4){ref-type="fig"}. Inflow obstruction and infection were the main complications that were inevitable in some cases. Malposition, that occurred in four patients, was attributable to technical issues that originated from lack of experience. Therefore, precise procedure should be an essential component of patient management in IP chemotherapy. Moreover, the overall morbidity in this study was substantially high compared with that reported in other studies on IP chemotherapy \[[@B12][@B20]\]. These results may be due to the large number of patients receiving palliative surgery, which is considered to increase postoperative complications ([Table 2](#T2){ref-type="table"}). Further safety issues should be re-considered in future prospective studies.

![Complications related to intraperitoneal approach. (A) Skin necrosis of the port site, (B) abscess of the catheter site, and (C) malposition of catheter due to kinking.](jgc-20-50-g004){#F4}

The diagnosis and confirmation of PM are essential for patients with AGC. Accurate radiologic imaging must be performed in the preoperative diagnosis of PM. Patients with PM often have locoregional or distant metastasis; Lee et al. \[[@B1]\] reported that 16% of patients who were diagnosed with pure PM had mixed type of metastasis. Inaccurate imaging can result in poor prognosis and ineffective IP chemotherapy compounded by the presence of hidden incurable factors \[[@B24]\]. To prevent this situation, a multidisciplinary approach involving radiologists and medical oncologists is essential.

The limitations associated with the scoring of PM can impair treatment strategies. Although the PCI scoring system can meticulously measure the degree of PM, accurate scoring is difficult. Jacquet and Sugarbaker \[[@B14]\] first described the PCI scoring system as a record of the value observed in laparotomy, which is considered a highly accurate diagnostic modality for the determination of PM in AGC. Recently, laparoscopic surgery has been demonstrated in IP chemotherapy treatment, such as HIPEC and pressurized intraperitoneal aerosol chemotherapy. In the present study, laparoscopy was conducted in most patients who did not undergo gastrectomy; therefore, PCI scoring was performed via laparoscopy. Because the detection of small nodules hidden in the corners of the organs may be a tedious process in laparoscopy, there may be an underestimation of the PCI score. Therefore, improvements in laparoscopic measurements are warranted in the field of peritoneal cancer.

The present study has several limitations. First, it was a retrospective study affected by unrecognized biases. The heterogeneity in systemic chemotherapy and palliative surgery received by patients in this study can affect their survival rate. In addition, the dosages of paclitaxel administered at each institution was different (20--60 mg/m^2^). Identifying the exact date of PM diagnosis, particularly in patients with metachronous presentation who received second- or third-line chemotherapy in each institution, was also a challenge. Second, this study comprised a small sample size and the follow-up period was short. Despite these limitations, this study suggested that patients with PM of AGC who received IP paclitaxel and systemic chemotherapy had better prognosis (median OS, 20 months) compared with those who did not.

In conclusion, the present retrospective analysis discussing the experience of IP chemotherapy for patients with PM of AGC in Korea, has paved the way for our investigation of the safety and efficacy of IP paclitaxel and oral S-1 plus intravenous oxaliplatin combination therapy in a multicenter phase I/II study (PIPS-GC). IP chemotherapy may be beneficial for improving OS of well-selected patients with PM of AGC. The strengths and limitations presented here will be of immense importance for future applications of IP chemotherapy.
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